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Abstract. The cities of Ukraine are our pride! It was the envy of prominent Ukrainian cities
that provoked the aggressor's attack on our native lands. It should be noted that most Russian cities,
which are more remote, cannot be proud of their amenities: there is no sewerage or water supply,
unpaved streets quickly turn into swamps of sticky dirt. On the 24™ of February 2022, the war
began, and Russian Federation attacked Ukraine on all sides of the common border, from Luhansk
to Chernihiv. The enemy army fired artillery at Ukrainian border posts. Hometown Kharkiv is a city
in the northeast, the first capital, the scientific center of Ukraine, subjected to massive bombing.
Every day the occupiers purposefully destroy more and more civilian infrastructure, because of
which the evacuation began. The news notes that in the first days of the war, every day about
30,000 people go from the Kharkiv railway station to safe places, to the west of the country and
abroad. That is why the article considers the best ways to develop the territories of the western part
of the country, through the organization of energy-efficient ecological settlements with
prefabricated modular buildings for temporary and long-term residence of people who lost their
homes because of the war. In the formation of energy-efficient ecological settlements, the main
basic aspects are laid down, including: minimization of impacts on the existing natural
environment, use of processes on the way to improving urban planning, implementation of rational
spatial solutions, ensuring resilience of settlements to disasters and war, application renewable
energy sources (use does not lead to additional heating of the atmosphere, so this energy is waste-
free and does not pollute the atmosphere), ensuring efficient water supply and rational use,
development of underground space and conservation of natural areas. innovative living space, with
the necessary, comfortable conditions that will serve for the development of new territories and for
the revival of destroyed territories because of the war.

Key words: war in Ukraine, energy efficient ecological settlements, compact housing,
mountain territory, modular building.

Introduction. We are living in a period of instability: it seems that only yesterday we
suffered from a terrible pandemic, climate change, accelerating the loss of biodiversity, and now
from predatory fighting in our homeland.

Many people lost their homes and were forced to evacuate to western Ukraine and abroad. In
order to provide housing for all those in need in the west of our country, architects, builders and
urban planners have a number of tasks, including developing the necessary recommendations,
economic, comfortable and project proposals for rapid implementation. Energy efficient ecological
settlements are exactly the option of economical and comfortable living environment that should be
developed. Designing energy-efficient ecological settlements is a new field of knowledge that is
currently being developed. The concept of sustainable energy-efficient ecological settlement should
play a growing role in the future development of territories in all regions of our country, in the
future and around the world. In this article we will try to find the best ways to develop the territories
of the western part of the country, through the organization of energy-efficient ecological
settlements with prefabricated modular buildings for temporary and long-term residence, which
have less impact on the environment. Some aspects are important in this regard: economic
feasibility, short-term construction, reduction of energy consumption and reduction of waste and
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further management.

The concept of energy-efficient ecological settlements has an undeniable impact and serves as
an alternative sustainable model of residential areas. As a relatively small experimental example,
these urban planning entities could explore and apply new solutions, the need for which is evident
in the global care for migrants.

Analysis of recent research and publications. Analysis of recent research and publications.
David Adams is a planner and geographer, researching the reconstruction and experience of the urban
environment. His research interests include urban theory, spatial and architectural planning. He pays
special attention to the formation of urban and suburban areas, as well as reconstruction after the
Second World War in Britain, including the restoration of infrastructure. Peter Larkham has a variety
of research interests, covering various aspects of spatial planning. He has long been interested in
ecology, environmental protection, and focuses on redevelopment and reconstruction of British cities
after World War Il. That is why David Adams and Peter Larkham wrote the book "Everyday
Experience of Reconstruction and Regeneration. From Vision to Reality in Birmingham and
Coventry", which highlighted the process of design and reconstruction, reconstruction of new models
of cities after World War 11 [1].

Prefabricated housing was popular during World War Il due to the need for mass deployment of
troops. The United States used the huts as military buildings. Prefabricated buildings were built after
the war as a means of providing fast and cheap quality living environment to replace destroyed
housing. The spread of prefabricated housing throughout the country was a consequence of the Bert
Committee and the Housing Act (Temporary Housing) of 1944 [2].

Many Eastern European countries suffered physical damage during World War I, and their
economies were in very poor shape. There was a need to rebuild cities that were badly damaged by the
war. For example, Warsaw was virtually razed to the ground during the planned destruction by
German troops (1944), and the center of Dresden was destroyed by Allied bombing (1945), Stalingrad
was largely destroyed, and only a small number of buildings survived. Back then, prefabricated
buildings served as an inexpensive and quick way to recover from massive housing shortages due to
war destruction, large-scale urbanization, and rural exodus [3].

For rapid construction of the western part of Ukraine, the paper proposes to consider in detail
the following types of housing on the example of prefabricated structures. Lisby Taylor, who
studies modern methods of designing prefabricated buildings, identified the following categories of
design solutions [4, 5]:

1. Modular design: manufacture of three-dimensional units in controlled factory conditions
before transportation to the site.

2. Panel construction: flat panels are manufactured at the factory and assembled on site to
create a three-dimensional structure.

3. Hybrid design: combines panel and modular designs.

4. Manufactured structures (assemblies and components) off-site — the manufacture of
individual components or components, such as roof cassettes, prefabricated reinforced concrete
foundations, except for window, door sets, roof trusses.

Purpose and objectives. The aim of the study is to identify the best ways to develop the western
part of the country, through the organization of energy-efficient ecological settlements with
prefabricated modular buildings for temporary and long-term residence.

Based on the goal, it is necessary to solve the following tasks:

1. Investigate the main ways of developing the western part of Ukraine.

2. To reveal the main aspects of the organization of energy efficient ecological settlements in
mountainous areas.

3. Consider ways to place prefabricated modular buildings in mountainous areas for temporary
and long-term residence.

Research results. Energy-efficient ecological settlements could be of strategic importance for
the restoration of mountainous western regions of Ukraine. Mountainous areas are a natural, historical,
cultural and economic heritage, based on appropriate management to promote the sustainable
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development of these areas and the planet. The mountains are home to one-fifth of the world's
population and are a source of fresh water for half of all people. Sustainable mountain development [6]
means the wise use of mountain ecosystems for the present generation, preserving them for future
generations.

The mountains were recognized as vulnerable ecosystems of global importance at the 1992
United Nations Conference on Environment and Development in Rio. The importance of the
mountains was confirmed at the UN Rio + 20 conference in 2012. The protection of mountain regions
is also enshrined in the 2030 Agenda for Sustainable Development [7].

Mountain ecosystems are extremely diverse. They are also very sensitive to climate change,
natural disasters, industrial exploitation, migration (especially mountain-plain migration) and mass
tourism. These phenomena often threaten entire mountain regions, endangering the lives of many
people. Alpine populations, which are directly dependent on local water, soil, flora and fauna, suffer
the most. But people at lower altitudes also benefit from healthy ecosystems in the mountains: for
example, water supply, as about half of the world's population depends on the water resources of
mountainous regions [8].

When designing energy-efficient ecological settlements in mountainous areas, the main, basic
aspects are laid down, including: minimization of impacts on the existing natural environment, use
of processes to improve urban planning, implementation of rational urban planning solutions, use of
renewable energy sources., so this energy is waste-free and does not pollute the atmosphere).
Energy resources, depending on energy sources, can be classified as renewable (solar energy,
photosynthesis, hydropower, wave energy, wind, geothermal, evaporation and precipitation, thermal
energy, use of temperature difference between atmosphere, land and sea, bioenergy) and other gas,
oil, coal, peat, shale, nuclear fuel, light chemical elements — hydrogen, helium, lithium) [9]. Today,
the main sources of energy are: coal, oil, natural gas, nuclear fuel, but the reserves of these
resources are limited. In addition, the use of non-renewable energy sources leads to additional
heating of the atmosphere. Recently, scientists are looking for the best way to use energy resources
that will not harm the environment. That is why modern urban planning activities are aimed at
preserving the natural environment of mountainous areas, in other words, the ecological approach is
the basis of all urban development processes.

The use of mountainous areas, including areas that cannot be used for agricultural land,
recreational areas, reserves, forestry, or other areas that require small slopes, are suitable for the
organization of energy-efficient ecological settlements. Among the advantages, these areas can serve as
an impetus for original architectural and structural solutions, such as incorporating buildings into the
terrain of the existing area, increase the resistance of buildings to external influences (seismic,
landslides, etc.). Depending on the engineering and geological characteristics of the soils of the
projected area, as well as the slope of the territory, you can build different types of buildings: ordinary -
for a flat surface, terraced of different types, on pillar supports and attached to steep slopes with tight
anchors. Terraced buildings made of monolithic reinforced concrete should be built on sites with steep
slopes, the soils of which can be varied [10, 11].

Prefabricated houses are built off-site in advance, usually in standard sections that can be easily
transported and assembled on site. Some current prefabricated house designs include architectural
details inspired by postmodernism or futuristic architecture. Because these houses are built in parts, this
makes it easy to connect additional rooms or even solar panels to the roof. Prefabricated houses can be
customized according to specific terrain and climatic conditions.

Prefabricated buildings are buildings that are constructed of components (such as panels),
modules (modular buildings) or transport sections (industrial buildings). Despite the similarities, the
methods, and designs of these three types are very different. There are two-storey and individual
houses, which differ significantly in design. In the United States, mobile and prefabricated houses are
built in accordance with HUD building codes [12], and modular houses are built in accordance with the
IRC (International Housing Code) [13].

First, when designing prefabricated modular buildings in mountainous areas, attention should be
focused on natural resources such as topography, engineering and geological conditions, soils,
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vegetation, groundwater and surface water, climate, wind, insolation, temperature, etc. Modern
architects are experimenting with prefabricated buildings in factories to develop the best option for
mass construction in mountainous areas. Architectural solutions are devoid of reference decor and
instead focus on clear lines and open floor plans. An example of a building and a method of placing a
prefabricated modular building in mountainous areas for temporary and long-term residence is shown
in Figure 1. The characteristics of these components affect urban processes, creating conditions for
placing in such areas different activities that determine construction conditions and affect the planning
structure resettlement. The main aspect of placing prefabricated modular buildings in energy-efficient
ecological settlements is the level of insolation - the amount of solar radiation per square meter of
surface, as it affects the ability of the settlement to be autonomous by placing solar photovoltaic panels
on the roof at the right angle [10].

The climate and geographical location of mountain areas should be conducive to favorable
conditions for the optimal absorption of solar energy and the construction of energy-efficient
ecological settlements and the use of solar panels. Therefore, direct solar heating is the simplest way of
non-traditional heating [11]. The sun's rays, entering the house through the glazing, heat the room,
while the glass surface must be oriented to the south. The heat accumulator is the floor and interior
walls made of material with high heat capacity. To protect the building from overheating in the
summer, it is necessary to provide sun protection devices, such as awnings, visors, greenery, or
adjustable structures. Insulating windows or special films should be provided to protect against heat
loss at night.

Fig. 1. Prefabricated modular building on steep terrain

Energy efficiency of prefabricated modular buildings is periodically implemented in many
countries around the world, which consume much less than the total primary energy. The
construction of prefabricated modular buildings is gaining popularity due to rapid construction,
architectural solutions, reliability and use of "green™ materials, safe work of workers, and limiting
the impact on the environment compared to conventional construction. From the point of view of
building physics, three-dimensional systems of prefabricated structures, thanks to the prefabricated
method minimize thermal bridges [14, 15].

The interior of the prefabricated modular building (Fig. 2) has all the necessary conditions for
a comfortable life, both for short and long life. The prefabricated modular building is aimed at the
average family — it has an entrance hall, two bedrooms (parents and children), a bathroom, a
separate toilet, a living room, and an equipped kitchen.
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Fig. 2. Interior decoration of the prefabricated modular building

Conclusions. It should be noted that the scientific activity of our city continues, we believe in
victory, and are infinitely grateful to our heroes — the Armed Forces of Ukraine!!! This is the most
difficult period of today, will forever leave a mark on the body of the country. Incredibly
dangerous, controversial times will be remembered not only by fires, lost buildings, and property,
but also by the long, painstaking work of urban planners, architects, builders, and gardeners who
will recreate the grandeur of stone — in short, everything we see today.

To begin the revival, as noted by most residents from the east evacuated to western Ukraine,
people need to be provided with comfortable living conditions. Innovative urban planning
formations — energy efficient ecological settlements in the mountainous areas of the western part of
Ukraine are the best option for both short-term and long-term living. And prefabricated modular
buildings are an appropriate type of housing for people who lost their homes because of the enemy
war, as this type of building is quite popular in Europe, Canada, and the United States, due to the
rapid implementation and return on investment.
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OPI'AHIBAIISA EHEPTOE®EKTUBHUX EKOJIOITYHUX IOCEJIEHD
31 3BIPHUMHA MOAYJIbHUMHU BY JIBJISIMA
JJISI TAMYACOBOTI'O TA TOBI'OCTPOKOBOI'O ITPOKUBAHHSI
B BAXUITHIA YACTHHI KPAIHH, ¥ 3B’S13KY 3 BIMHOIO B YKPATHI
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Xapxkiscokuil HayioHanbHull yHigepcumem micbkozo cocnooapcmea im. O.M. Bexemosa
Bys. Mapmana baxanosa, 17, m. XapkiB, 61002, Ykpaina

AHoTanisi. Micta Ykpainu — e Hama ropaicts! Came 3a3apicTh 10 BU3HAUHUX YKpaiHCBKHX
MICT CIPOBOKYBaJla Hamaja KpaiHW arpecopa Ha Hammi pimHi 3emumi. Crin 3a3HauuTH, M0 aOCOIMIOTHA
OUIBIIICT POCIMCHKUX MICT, SIKI € OUIBII BiAJATICHUMH, HE MOXKYTh IMHILIATUCS CBOIM OJaroycTpoeM:
TaM HE Ma€ Hi KaHai3allli, Hi BOJONPOBOY, HEMOIIIEHI BYJHII IIBUIKO MEPETBOPIOIOTHCS Ha 0oJioTa
yunkoro Opyny. 24 motoro 2022 poky, po3nodanacs BiifHa, Pociiiceka Denepariisi Hanana Ha YKpaiHy
110 BCl OOKM CIIUIBHOTO KOP/IOHY, BiJ JIyranceka 1o Uepnirosa. Boposka apmist oOcTpuisiia 13 apTuiiepii
YKpaiHChKI MPHUKOPAOHHI 3acTaBH. PigHe Micro XapkiB — 1€ MICTO Ha MIBHIYHOMY CXOji, Iepuia
CTOJIUIISI, HAYKOBMH LIEHTp YKpaiHH, 3a3HAJO MacoBUX OOMOap/yBaHb. 3 KOKHUM JIHEM OKYINaHTU
LJIECTIPSIMOBAaHO BCe OUIbIIE 3HUINYIOTh LUBUIBHY 1H(QPACTPYKTYypy, BHACIIIOK YOro, modanacs
eBaKyallis. B HOBHHaX 3a3HauaroTh, 1110 B MEpILl JAHI BIMHH, KOKHOTO JHS O0au3bko 30 THcad moaen
BIIMIPABIIIOTHCS 13 BOK3aTy XapKoBa J10 Oe3MeYHUX Micllb, Ha 3aXi/1 KpaiHu Ta 3akopAoH. Came ToMy, B
CTaTTI PO3IJISIHYTO ONTUMAJIbHI CIIOCOOM OCBOEHHS TEPUTOPIM 3aXiHOI YAaCTWHHU KpaiHW, 3aBISKU
opraHizanii eHeproe()eKTHUBHUX €KOJOTIYHUX IOCeNeHb 31 30IpHMMH MOIYJIBbHUMHU OYHIBISIMH JUIs
TUMYACOBOI0 Ta JJOBFOCTPOKOBOI'O MPOKUBAHHS JIFOJEH, sIKI BHACIIIOK BITHU 11030YJIHCS CBOTO KUTIIA.
ITpu ¢dopmyBaHHI eHeproeeKTUBHUX EKOJOTIIYHUX IOCeNIeHb 3aKJIaJieHI OCHOBHI, 0a30Bi acHeKTH,
cepell SIKMX: MiHIMi3allis BIUIMBIB Ha ICHYIOU€ NMPHUPOJHE CEpPEeIOBUIIE, BUKOPUCTAHHS IMPOILECIB, HA
IUISIXY II0JI0 BJOCKOHAJIEHHS MICTOOYMIBHOI isTBHOCTI, BIPOBAKEHHS palliOHATBHUX 00’ €MHO-
MIPOCTOPOBUX pillleHb, 3a0€3MEUEHHsI CTIMKOCTI MOCENEHHs, 0 KaracTpod Ta BiifHM, 3aCTOCYBaHHS
BIJIHOBJTIOBAaHMX JDKEped eHeprii (BUKOPUCTaHHS NPAKTUYHO HE MPU3BOAUTH JIO JIOJATKOBOTO
HarpiBaHHs arMocdepu, TOMY Il €Heprisi € Oe3BIAXOMHOI, Ta He 3a0pyIAHIOIYOI0 atMocdepy),
3abe3neyeHHs e(heKTUBHOIO BOJIONIOCTaYaHHs Ta PalliOHATIBHOTO KOPUCTYBAHHS, OCBOEHHS IT1136MHOTO
MIPOCTOPY Ta 30€peeHHs TNMPUPOAHUX AUISTHOK. ToMy, JTaHe MICTOOYIIBHE YTBOPEHHS JOLIBHO
PO3IJIHYTH, SK KOMGOPTHUH I1HHOBALIMHMI >KUTIOBHHA MpOCTIp, 3 HEOOXIAHHUMH, KOM(POPTHUMH
YMOBaMH, SIKMU CIIyTyBaTHME, TSI OCBOEHHS HOBUX TEPUTOPIH, TaK i JJIsl BIAPOIKEHHS 3pyHHOBAHUX
TEpUTOPIN BHACIIIOK BiiiHU.
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KurouoBi cioBa: BiifHa B YKpaiHi, eHeproeeKTHBHI €KOJIOTIYHI MOCENEHHS, KOMIaKTHA
YKUTJIOBA 3a0y10Ba, TipChKa TEPUTOPIs, 301pHA MOTyJIbHA OYTiBIIS.

OPI'AHM3ALIMSA DHEPT O ®PEKTUBHBIX DKOJOI' MYECKUX MOCEJIEHU N
C CBOPHBIMH MOJYJbHBIMH 3JIAHUSIMHA
JIJISI BPEMEHHOTI'O M JOJITOCPOYHOI'O TPOKUBAHUSI
B 3AIIAJTHOM YACTH CTPAHBI, B CBSI3U C BOMHOHN B YKPAUHE

Cenuxosa S1.B., acniupaHTka,
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Xapvroeckuii Hayuonanwvhwiii ynusepcumem 2opoockozo xozaucmea um. O. M. bekemosa
yi1. Mapmrana baxxanosa, 17, r. Xapekos, 61002, Ykpanna

AnHoTtamus. ['opoga Ykpaunbl — 3T0 Hama ropaocth! MIMEHHO 3aBUCTh K BbIJAIOIIMMCS
YKpPauHCKUM TOpojaM CIIPOBOLIMPOBAjia HalaJeHUE CTpaHbl arpeccopa Ha HAIIU POJIHBIE 3EMIIM.
CrnenyeT OTMETHTb, UTO a0OCOJIOTHOE OOJIBIIMHCTBO POCCUKWCKHX T'OPOJOB, KOTOpPBHIE SIBISIOTCS
Oosiee OTHAICHHBIMHU, HE MOTYT TOPAHMTHCS CBOMM OJaroycTpOWCTBOM: TaM HET HHM KaHAJIH3allHH,
HU BOJOIPOBOA, HEMOIIIEHBIE YIHIIBI OBICTPO MPEBPAIIAIOTCS B O0I0TA JIUNKOM rpsi3u. 24 deBpans
2022 rona, Hayanach BoiiHa, Poccuiickass denepanusa Hamajna Ha YKpauHy CO BCEX CTOPOH OOIIHUX
rpanut, ot Jlyrancka go YUepuurosa. Bpaxeckas apmusi oOCTpensiia U3 apTUIUIEPUH YKPAUHCKHE
IIOrpaHUYHbIE 3acTaBbl. PogHOM ropos XapbKoB — 3TO rOpOJ Ha CEBEPO-BOCTOKE, NIEpBasi CTOIUILA,
HAy4YHBIA HEHTP YKpauHbl, MOJIBEPrcs MaccoBbiM OomOapaupoBkaM. C KaxXabIM JTHEM OKKYIAHTHI
I[EJICHAIPABICHHO BCE OOJIbIIE YHHUTOXKAIOT TPAKIAHCKYI0 MH(OPACTPYKTYPY, B PE3yJbTATE YETO
Hayanach HBakyalus. B HOBOCTSIX OTMedaroT, YTO B MEPBBIC JHU BOMHBI KXKIBIA NeHb 0K0JIO0 30
THICSIY YEJIOBEK OTIPABJISAIOTCS C BOK3aja XapbkoBa B Oe30omacHble MECTa, Ha 3amaj CTpaHbl U
3arpanuiy. [loaToMy, B cTaThe paccMOTpPEHBI ONTHUMAJbHBIE CHOCOOBI OCBOCHHS TEPPUTOPUIN
3aMaJHOM dYacTH CTpaHbl, Oyarogaps OpraHu3amue SHEProd()(EKTUBHBIX  IKOIOTHYECKUX
MOCENEeHUI CO COOPHBIMU MOAYJIBHBIMH 3MaHUSIMH JJI BDEMEHHOT'O U JOJITOCPOYHOTO MTPOKUBAHUS
JOACH, KOTOpBIE B pe3yibTaTe BOWHBI JIMIIWJINCH CBOEro Kwibi. llpu dopmupoBanmu
9HEeprod(PPEeKTUBHBIX FKOJIOTMUECKUX MOCEICHUI 3aJI0)KEeHbl OCHOBHBIC, 0a30BbI€ ACIEKTHI, CPEIU
KOTOpBIX: MHUHUMH3ALUS BIUSHUN Ha OKPYKAIOUIYI0 NPUPOJHYIO Cpely, HCIOJIb30BaHUE
MPOLIECCOB, HA MYTHU COBEPIIEHCTBOBAHUS T'PaJOCTPOUTENILHON NIEATEIbHOCTH, BHEIPEHUE
paloHaIbHBIX 00BEMHO-TIPOCTPAHCTBEHHBIX PEIICHUH, 00ecTieYeHHe YCTOMUYNBOCTH MOCEIEHUS, K
karacTpoaM U BOIfHE, NMpPUMEHEHHE BO300HOBISEMBIX HCTOYHUKOB JHEPrHH (HMCIOIB30BaHUE
MPaKTUYECKH HE MPUBOAUT K JIOMOJHUTEIBLHOMY HarpeBy arMocgepbl, MOAITOMY 3Ta 3HEPIus
aBlseTcs O€30TXOMHOW, W He 3arpsiHsomeil arMmocdepy), obecredenne 3¢hEHEKTUBHOTO
BOJOCHAOXXEHUS M pPalMOHAIBHOIO TIOJb30BaHUS, OCBOECHHE TOJ3EMHOr0 IMPOCTPAHCTBA U
COXpaHEHHE MPHUPOJHBIX y4acTKOB. [losToMy, JaHHOE TPaIOCTPOUTENLHOE 00pa30BaHUE SBISETCS
WHHOBAIIMOHHBIM JKUJIBIM TIPOCTPAHCTBOM, C HEOOXOIMMBIMU, KOM(POPTHBIMHU YCIOBHUSIMHU, KOTOPOE
OyIeT CIOyXuTh IJii OCBOCHUS HOBBIX TEPPUTOPHUH, TaKk M [N BO3POXKACHUS pa3pyIICHHBIX
TEPPUTOPHUI B PE3YJITATE BOWHBI.

KiroueBble cioBa: BoifHa B YkpauHe, dHeprodh(ekTUBHBIC IKOJIOTHMUYECKHE MOCENEHUs,
KOMITaKTHasl ’HJias 3aCTpOrKa, TOpHasi TEppUTOpHUs, COOPHOE MOYJIBHOE 3/1aHHUE.
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Bulletin of Odessa State Academy of Civil Engineering and Architecture, 2022, no. 86, page 62-68





